Normal thyroid function plays an important role in regulation of cellular activity, and influences basal metabolic rate and general body metabolism.[@ref1] Thus, thyroid dysfunction is often associated with dyslipidemia and disturbed mineral metabolism. Hypothyroidism is known to cause hypercholesterolemia, elevated low-density lipoprotein (LDL), and hypertriglyceridemia.[@ref2] It was reported that high circulating thyroid stimulating hormone (TSH) levels were associated with abnormally elevated serum lipids,[@ref3] and triggered increased oxidation of the LDL particles.[@ref4] Moreover, the increased cardiovascular risk in thyroid dysfunction was related to the deranged lipid profile, endothelial dysfunction, metabolic, hormonal, and hemodynamic changes and coagulation disturbances.[@ref5] Hence, hypothyroid patients are considered to be at high risk of cardiovascular diseases.[@ref6] Interestingly, some studies have revealed normalized lipid profiles in hypothyroid patients when treated with thyroxine replacement therapy.[@ref7] On the other hand, thyroid hormones are known to stimulate the bone turnover.[@ref8] Thyrotoxicosis was reported to be associated with decreased bone mineral density,[@ref9] increased risk of osteoporotic fractures,[@ref10] and disturbed serum calcium and phosphate levels.[@ref11] Following a literature search, studies investigating thyroid disorders and their consequences on lipid and mineral metabolism in the Saudi population are scarce. Therefore, this study was planned to investigate the changes in serum lipid profile, and changes in the levels of serum calcium, phosphate, and magnesium associated with thyroid disorders in the Hail Region of Saudi Arabia. The results were also compared with the lipid and mineral profiles in hypothyroid patients treated with thyroxine substitution therapy.

Methods {#sec1-2}
=======

This cross-sectional study was carried out in King Khaled hospital, Hail, Saudi Arabia. The study was conducted in accordance with the principles of the Helsinki Declaration and written permission was obtained from the Research Ethical Authority in the Deanship of the Scientific Research in the University of Hail. The patient\`s electronic database was searched for newly diagnosed patients with thyroid disorders who visited the outpatient clinic of Endocrinology and Diabetes between January 2011 and June 2012. Inclusion criteria included all newly diagnosed patients, males and females aged 12-97 years, and hypothyroid patients receiving thyroxine replacement therapy. Exclusion criteria included patients with abnormal liver function, chronic kidney disease, or overt diabetes mellitus. The number of patients files selected with complete chemistry results were 94 (M=31, F=63). The patients had an average age of 38±14 years (range 12-97 years). Based on their thyroid function results, the patients were classified into 5 groups with matching age and gender. The serum test results of normal fasting subjects visiting the hospital for routine medical check-up were recorded and used as controls. The groups were distributed as described in **[Table 1](#T1){ref-type="table"}**. The missing chemistry results in the control group, including the thyroid function tests, lipids, and mineral profiles were assayed in our laboratory using the residual serum samples and commercial kits. The measurements of free triiodothyronine (FT3), free thyroxine (FT4), and thyroid stimulating hormone (TSH) were carried out using an Autoanalyzer (ELecsys 2010, Cobas E 411, Mannheim Germany). The other biochemical tests: serum total cholesterol, triglyceride, high-density lipoprotein (HDL)-cholesterol, LDL-cholesterol, glucose, blood urea nitrogen, uric acid, total calcium, phosphate, magnesium, sodium and potassium were carried out by Dimension RxL-Max, Germany. The very low-density lipoprotein (VLDL)-cholesterol was calculated by dividing the concentration of serum triglyceride value by 5.
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The distribution of experimental groups used in the study according to their thyroid function data.
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Statistical analysis {#sec2-1}
--------------------

Results are expressed as means ± SD. The differences between means were computed by one-way analysis of variance (ANOVA) using the Statistical Package for Social Sciences version 10.0 (SPSS Inc, Chicago, IL, USA). The significance of differences between the means was carried out by unpaired Student\`s t-test. *P* values \<0.05 were considered significant. The regression analysis between TSH, as independent parameter, and the lipids, minerals, and creatinine values, as dependent parameters, was carried out by Spearman\`s regression analysis. *P*-values \<0.05 were considered significant.

Results {#sec1-3}
=======

In the present study, subclinical hypothyroidism was defined as those patients with TSH values ≥7.00 mIU/L with normal FT3 and FT4 values. The data indicated that from the reviewed files, 64% of the total number of patients with thyroid disorder were females, whereas 36% were males. As shown in **[Figure 1](#F1){ref-type="fig"}**, in the euthyroid group (under exogenous thyroxine therapy) their FT3 and FT4 was not statistically different from the controls, whereas, the TSH value was significantly lower (*p*\<0.05).

![The thyroid function parameters \[free triiodothyrpnine (FT~3~), free thyroxine (FT~4~) and thyroid stimulating hormone (TSH)\] in subclinical-hypothyroid (SHY), overt-hypothyroid (OHY), subclinical-hyperthyroid (SHE), overt-hyperthyroid (OHE), hypothyroid under thyroxine replacement therapy - euthyroid (EU) and normal control (C) groups. Column and vertical bar represent mean ± SD. ^\*^p\<0.05, ^†^p\<0.01, ^‡^p\<0.001. ^a^significantly different from C, ^b^significantly different from EU, ^c^significantly different from SHY, ^d^significantly different from OHY, ^e^significantly different from SHE.](SaudiMedJ-35-1469-g002){#F1}

**[Table 2](#T2){ref-type="table"}** summarizes the values of certain kidney function parameters, uric acid, and serum glucose concentrations. The serum creatinine concentration was not altered in the EU and SHY groups, whereas, in the OHY it was significantly elevated by 21.8%, compared with the control group. However, the serum creatinine concentrations in the SHE and OHE groups were significantly lower than that of SHY, OHY, and control groups. A highly significant positive correlation was evident between TSH and creatinine (r=0.72, *p*\<0.0001). A similar trend was also exhibited by both serum BUN and uric acid. The serum BUN (*p*\<0.05) and uric acid (*p*\<0.001) showed significantly higher levels in the OHY group, and showed significantly lower levels in the OHE group, compared with the control group. On the other hand, the fasting serum glucose level was significantly higher in the OHE by 46.5%, and by 19.45% in the OHY group compared with the control group. Whereas, it was slightly but significantly (*p*\<0.05) elevated in the other groups including the EU group compared with the control group. A slight but significant correlation was also shown between TSH and glucose (r=0.30, *p*=0.052).

###### 

Certain kidney function parameters, uric acid and fasting serum glucose concentration in subclinical hypothyroid (SHY), overt-hypothyroid (OHY), subclinical-hyperthyroid (SHE), overt-hyperthyroid (OHE), hypothyroid under thyroxine replacement therapy - euthyroid (EU), and normal control (C) groups.
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**[Table 3](#T3){ref-type="table"}** depicts the serum lipids and lipoprotein profiles in the various groups. The serum total cholesterol level exhibited a significant elevation by 12.8%, in the OHY group, and a significant reduction by 14.2% in the OHE group compared with control. There was a significant positive correlation between TSH and cholesterol (r=0.50, *p*\<0.001). On the other hand, the serum triglyceride levels were significantly elevated in the SHY group by 24%, and the OHY group by 30.8%, whereas it was significantly reduced in the OHE group by 30%, compared with controls. There was a significant positive correlation between TSH and TG (r=0.65, *p*\<0.001).

###### 

Serum lipids and lipoprotein profiles in in subclinical hypothyroid (SHY); overt-hypothyroid (OHY), subclinical-hyperthyroid (SHE), overt-hyperthyroid (OHE), hypothyroid under thyroxine replacement therapy - Euthyroid (EU) and normal control (C) groups.
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The level of serum cholesterol associated with HDL was significantly lower in the OHY group by 14.4%, and higher in the OHE group by 8.4%. Inversely however, the LDL-c was significantly higher in the OHY group by 22.3%, and lower in the OHE groups by 22.6%. Similarly, the level of TG-rich lipoprotein, VLDL, was higher in the OHY group by 34.6%, and lower in the OHE groups by 30.7% compared with controls.

**[Table 4](#T4){ref-type="table"}** summarizes the effects of thyroid disorders on serum mineral profile. The serum total calcium level was not altered in the EU and SHY groups; however, it showed a significant (*p*\<0.05) depression in the OHY group compared with control. There was a significant correlation between TSH and total calcium (r=0.26, *p*=0.015). However, the serum phosphate showed a significant reduction in the OHY group by 20.3%, and exhibited a significant increase in the OHE patients by 24.8%. There was a significant negative correlation between TSH and phosphate (r=-0.56, *p*\<0.001). Serum magnesium, on the other hand, was significantly reduced in the OHE group. A highly significant positive correlation was also evident between TSH and magnesium (r=0.86, *p*=0.000). However, the correlation between magnesium and phosphate was strongly significant in the SHE and OHE groups (r=0.68, *p*\<0.0001), whereas, it showed a positive significant correlation, but at a lower extent, in the SHY and OHY groups (r=0.3, *p*=0.049). Serum sodium levels were not changed in any of the groups compared with the control group. However, the serum potassium level showed a significant (*p*\<0.01) decrease in the OHE group, but no significant correlation was evident between TSH and potassium.

###### 

Serum mineral levels in subclinical hypothyroid (SHY), overt-hypothyroid (OHY), subclinical-hyperthyroid (SHE), overt-hyperthyroid (OHE), hypothyroid under thyroxine replacement therapy - euthyroid (EU) and normal control (C) groups.
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Discussion {#sec1-4}
==========

It was shown that in subclinical hypothyroidism, patients with the TSH values \>7 mIU/L (normal range: 0.4-6.4 mIU/L) had less possibility to develop into overt hypothyroidism.[@ref12] Therefore, in the present study, the cut-off TSH value for subclinical hypothyroidism was ≥7 mIU/L. The thyroxine replacement therapy is the adopted treatment for hypothyroidism with close monitoring of the thyroid function. In the present study, we investigated the possible changes in the lipid and mineral metabolism in patients with thyroid disorders and the possible ameliorations in their profiles following normalization of the hormone levels in the treated hypothyroid patients. The slight depression in the TSH values of the euthyroid group with normal FT3 and FT4 may indicate the temporary effect of the feedback inhibitory control of the exogenous thyroxine therapy on the hypothalamus and pituitary gland secretions. The association of disturbed kidney function with hypothyroidism has been reported in human and animals. Some authors demonstrated severe impairment of the kidney function in overt hypothyroid patients.[@ref13] In experimental animals, some have reported that amiodarone-induced hypothyroidism in the rat was associated with a rapid decrease of renal function, which was reversible upon amiodarone-withdrawal.[@ref14] In the present results, the improvement of kidney function by thyroxine treatment was evidenced by the normal serum creatinine and BUN levels in the thyroxine-treated euthyroid group. It was also reported that hypothyroidism can aggravate the already impaired kidney function, which can be reversed by thyroxine therapy.[@ref15] Interestingly, the data showed lower serum creatinine levels in the overt-hyperthyroid group. That was probably attributed to the enhanced rate of renal hemodynamic in the hyperthyroid patients that would in turn increase the rate of urea and creatinine filtration by the kidney. The present results also exhibited a significant rise in the serum glucose level in the overt hyperthyroid group, and a slight increase in that of the hypothyroid group. Some authors have indicated that hyper- and hypothyroidism are associated with insulin resistance, which has been reported to be the major cause of impaired glucose metabolism in type 2 diabetes mellitus associated with thyroid disorders. The most probable mechanism underlying the etiology of diabetes in thyroid dysfunction was suggested to be the perturbed genetic expression along with impaired glucose utilization in muscles, overproduction of hepatic glucose, and enhanced absorption of splanchnic glucose.[@ref16] Some investigators observed a rise in the fasting glucagon-like peptide-1, and the serum glucose level in the overt-hyperthyroid patients.[@ref17] These reports explain the impaired glucose tolerance observed in the hyperthyroid group and the slight rise in the serum glucose of the hypothyroid patients. The present data also showed significant increases in the serum total cholesterol accompanied with a rise in the LDL-c and triglyceride levels in the overt-hypothyroid group, whereas, their levels were significantly reduced in the overt-hyperthyroid subjects. This was in congruence with the results reported by some investigators.

The association of hypercholesterolemia with overt-hypothyroidism is consistently reported,[@ref2] whereas hypercholesterolemia in subclinical hypothyroidism is debatable. Some researchers found normal cholesterol levels,[@ref18] whereas, others showed elevated[@ref19] serum cholesterol levels in subclinical-hypothyroidism. In the present data, the subclinical-hypothyroid group showed a trend of increase, but this was not statistically significant (*p*\>0.05). Thyroid hormones are known to regulate the plasma cholesterol level by increasing the expression of LDL-receptors, and enhancing the cellular uptake of LDL-c from circulation.[@ref20] This was suggested to be carried out by a T3-mediated gene activation carried out by direct binding of T3 to a specific thyroid hormone responsive element.[@ref21] Moreover, T3 has been shown to be involved in protecting LDL particles from oxidation.[@ref22] Thyroid hormones are known to increase the lipoprotein-lipase activity, an enzyme responsible for clearance of VLDL and chylomicron from circulation.[@ref23] Thus, in hypothyroidism the clearance of chylomicron remnant and intermediate density lipoprotein from circulation was delayed.[@ref24] These lipoprotein remnants are taken up by macrophages in the arterial walls to produce foam cells involved in the formation of atherosclerosis.

The present study also revealed a significant reduction in HDL-c in the hypothyroid group. The HDL particles are known to have numerous atheroprotective functions, including facilitation of reverse cholesterol transport, improvement of endothelial function, protection of LDL from oxidation, limitation of hemostasis, and retardation of inflammatory activity related to the vascular wall.[@ref25] The reduction in HDL-c causes an increase in the LDL-c/HDL-c ratio, which is an important prognostic marker for cardiovascular disease. Interestingly, the present data revealed a significant reduction in the total cholesterol levels of the overt-hyperthyroid group accompanied with a significant reduction in the LDL-c, and increase in the HDL-c levels. This was in accordance with some reported findings. It was shown that levels of total cholesterol, LDL-c, ApoB, and Lp (a) tend to decrease in patients with clinical and subclinical hyperthyroidism.[@ref26] This was suggested to be due to increased LDL receptor gene expression resulting in enhanced LDL receptor-mediated cellular uptake of LDL particles.[@ref26],[@ref27] A reduced serum cholesterol level was also demonstrated in experimental hyperthyroid mice.[@ref28] The mechanism underlying the cholesterol reduction in hyperthyroid mice was suggested to be reduction in the hepatic expression of ATP-binding cassette transporter-1. The authors indicated that the sterol content of bile, liver, and feces were markedly increased, accompanied by up-regulation of hepatic cholesterol 7-alpha-hydroxylase, and ATP-binding cassette transporter, which is known to promote biliary sterol secretion.[@ref28] In the present results, the serum TG exhibited significant elevations in the sub- and overt-hypothyroid groups and significant reductions in the hyperthyroid groups. This is also in agreement with the findings of investigators who observed increased serum TG in overt and subclinical hypothyroid patients with reduced TG in the sub- and overt hyperthyroid groups.[@ref29] The mechanism underlying this was suggested to be that hypothyroidism increases, whereas hyperthyroidism decreases the hepatic VLDL-TG secretion rate compared with the euthyroid state.[@ref29] Moreover, the reduction in serum TG in the hyperthyroid patients was attributed to an increase in the activity of lipoprotein lipase.[@ref24] They also observed that hypothyroid patients had abnormally low levels of post-heparin hepatic triglyceride lipase activity, which may explain the hypertriglyceridemia observed in these hypothyroid patients.

Beside dyslipidemia, the alterations in serum calcium, phosphate, and magnesium levels are considered as cardiovascular risk factors.[@ref30] The present results revealed reductions in the serum phosphate and calcium levels in the overt-hypothyroid group with an increase in the serum phosphate of the hyperthyroid group. These findings were similar to the results of the authors who found that the mean serum calcium and phosphorus levels were significantly higher in hyperthyroid patients and significantly lower in the hypothyroids compared with controls.[@ref31] Previous studies investigating serum calcium and phosphorous in thyroid disorders have revealed conflicting results. Some authors have reported normal levels,[@ref32] while others have reported decreased serum calcium and phosphorous in hypothyroidism[@ref33] with increased or decreased levels in the hyperthyroidism.[@ref34],[@ref35] This controversy in findings indicates the complexity of the hormonal and cellular mechanisms involved in regulation of calcium and phosphate metabolism at the intestinal and renal tubular levels, which may be disturbed in thyroid dysfunction. In experimental animals, the T3-treated mice showed elevation in the serum phosphate concentration, but not calcium with a concomitant decrease in plasma calcitriol levels.[@ref36] It is also believed that thyroid hormones stimulate bone resorption increasing the serum calcium and phosphorous levels and suppressing the secretion of parathyroid hormone.[@ref37] Moreover, the treatment with physiological and pharmacological doses of T3 was shown to stimulate the renal reabsorption of inorganic phosphate resulting in an increase in serum phosphate concentrations.[@ref31] This effect was suggested to be mediated by an increase in the amount of Na/Pi co-transporter in the brush border of proximal tubules.[@ref38] From these reports, one can conclude that since thyroid hormones can suppress parathyroid hormone and calcitriol, which have opposing effects on phosphate regulation, if any of the hormones are over-suppressed, this would shift the phosphate balance towards excretion or reabsorption resulting in an increase or decrease of serum phosphate level accordingly.

Magnesium, on the other hand, is an important cation that ameliorates atherosclerosis and hypertension, promotes coronary vasodilatation, and unloading of the heart causing an increase in its efficiency.[@ref39] Therefore, low-serum magnesium appears often to be associated with arrhythmias, coronary vasospasm, and high blood pressure.[@ref39] The present data showed a significant decrease in the serum magnesium of the hyperthyroid group. This was in congruence with the results reported in humans,[@ref40] and in experimental animals.[@ref41] They suggested that the mechanism underlying the reduction of magnesium in hyperthyroidism to be due to the increased renal hemodynamic. However, magnesium of the hypothyroid group did not exhibit any significant change. This was different from the findings of authors who reported increased[@ref42] or decreased[@ref43] serum magnesium in hypothyroid patients. Similarly, the serum potassium was reduced in the hyperthyroid group, but not significantly altered in the hypothyroids. Some reports have indicated an association of hypokalemia with thyrotoxicosis.[@ref44] Thus, in contrast to the metabolism of calcium and phosphate, the homeostasis of magnesium and potassium seems to be overwhelmed by the rate of renal hemodynamics.

Limitations of the study {#sec2-2}
------------------------

First, the sample size was relatively small. Second, anthropometric and blood pressure data for the patients were not obtained. We recommend that future studies are conducted at a larger scale in different regions of Saudi Arabia for comparison.

In conclusion, hypothyroidism caused impaired renal function and glucose intolerance. Moreover, hypothyroidism was associated with hypercholesterolemia, hypertriglyceridemia with increased LDL, and decreased HDL. In contrast, the hyperthyroidism caused a reduction in total cholesterol, triglyceride, and LDL. Hypothyroidism was associated with a reduction in serum calcium and phosphate levels, whereas, the hyperthyroidism caused a reduction in serum magnesium and potassium levels. All disturbed parameters, except glucose, returned to normal in the hypothyroid patients following their treatment with thyroxine substitution therapy. The present data indicated that the derangement in lipid and mineral metabolism in patients with thyroid disorders from Hail region were comparable with the internationally reported values. The authors suggest that physicians consider requesting thyroid function tests when diagnosing the etiology of dyslipidemia, serum mineral disturbances, glucose intolerance, and unexplained impairment in renal function.
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